TITLE OF THE INVENTION 
Solder Material 

BACKGROUND OF THE INVENTION 
Field of the invention 

This invention relates to a solder material used for 
connecting electronic components mounted on an wiring 
substrate. 
Related Art 

As a solder material used for connecting electronic 
components mounted on an wiring substrate, a tin-lead based 
eutectic solder is predominantly used. 

Recently, the problem of environmental pollution by lead 
is pointed out mainly in Europe and United States and the 
possibility of placing a ban is discussed briskly. For coping 
with this tendency, researches for reducing the consumption 
of lead in the solder material or development of a lead-free 
solder material have been desired. 

The tin-lead solder, predominantly used nowadays, has an 
eutectic structure of 63 wt% of tin and 37wt% of lead, with 
the eutectic temperature being 183°C. This tin-lead solder 
has its wettability optimized by the proportion of lead and 
superior wettability can be realized at lower temperatures to 
give optimum soldering properties. 

On the other hand, the lead-free solder material, now 
investigated, is based on tin and is of a composition 

1 



composed of plural elements for realizing properties 
comparable with the tin-lead solder. Specifically, various 
additive elements are added to the binary eutectic alloy of the 
Sn-Ag, Sn-Zn, Sn-In and Sn-Bi system for controlling the 
properties. 

However, these lead-free solder material is inferior to 
the tin-lead solder in temperature characteristics, such as 
melting temperature, or in wettability, such that a further 
improvement has been desired. 

In particular, acceptability of soldering depends on the 
wettability of the solder material. That is, if the solder 
material is less susceptible to wetting, it is in poor contact 
with the component to be connected. Conversely, if it is 
wetted excessively, solder bridging is induced between 
components which should not be connected to each other, thus 
producing shorting. The higher the mounting density of the 
wiring substrate, the more acute is the problem ascribable to 
wettability, such that it is not too much to say that the 
quality of electronic components in the surface mounting 
technique depends primarily on the wettability of the solder. 

In light of the above, the lead-free solder material, thus 
far proposed, encounters difficulties in controlling its 
wettability, because lead is not used, such that optimum 
soldering properties are not realized. 
SUMMARY OF THE INVENTION 
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It is therefore an object of the present invention to 
provide a lead-free solder material which is superior in 
wettability to realize an excellent soldering performance. 

In one aspect, the present invention provides a solder 
material wherein a Sn-Zn-Bi alloy containing 0.5 to 10 wt% 
of zinc and 0.5 to 8 wt% of bismuth, with the balance being 
substantially tin, is added to with 0.005 to 0.5 wt% of 
geranium and 0.3 to 3 wt% of copper. 

It is possible for the solder material to contain 0.3 to 1 
wt% of copper. 

In another aspect, the present invention provides a solder 
material wherein a Sn-Bi-Ag alloy containing 0.5 to 8 wt% of 
bismuth and 0.5 to 3 wt% of silver, with the balance being 
substantially tin, is added to with 0.01 to 0.1 wt% of 
germanium. 

In yet another aspect, the present invention provides a 
solder material wherein a Sn-Zn-In alloy containing 3 to 15 
wt% of zinc and 3 to 10 wt% of indium, with the balance 
being substantially tin, is added to with 0.01 to 0.3 wt% of 
germanium and 0.3 to 3 wt% of silver. 

Since the solder material of the present invention is a 
Sn-Zn-Bi alloy added to with germanium and copper, a Sn-Bi- 
Ag alloy added to with germanium, a Sn-Bi-Ag alloy added to 
with germanium and copper or a Sn-Zn-In alloy added to with 
germanium and silver, the solder material exhibits superior 
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mechanical properties and satisfactory wettability while 
having an optimum melting temperature as a solder. Thus, it 
is possible with the lead-free solder material to realize 
excellent soldering characteristics comparable with the tin- 
lead solder. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig.l is a graph showing a typical instance showing the 
relation between the wetting power and time as measured by 
the wetting balance method. 

Fig. 2 is a graph showing wettability of a solder material 
comprised of a Sn-Zn-Bi alloy added to with copper and the 
same alloy not added to with copper. 

Fig. 3 is a graph showing wettability of a solder material 
comprised of a Sn-Zn-Bi alloy added to with germanium 
alone, a solder material comprised of a Sn-Zn-Bi alloy added 
to with silver alone, a solder material comprised of a Sn-Zn- 
Bi alloy added to with germanium and silver, a solder 
material comprised of a Sn-Zn-Bi alloy added to with 
germanium, copper and silver and a solder material comprised 
of a Sn-Zn-Bi alloy devoid of additives. 

Fig. 4 is a graph showing wettability of a solder material 
comprised of a Sn-Bi-Ag alloy added to with germanium 
alone, a solder material comprised of a Sn-Bi-Ag alloy added 
to with germanium and copper, a solder material comprised of 
a Sn-Bi-Ag alloy added to with copper alone and a solder 
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material comprised of a Sn-Bi-Ag alloy devoid of additives. 

Fig. 5 is a graph showing the Ge proportion, zero-crossing 
time Tb and the wetting power F2 of a solder material 
comprised of a Sn-Bi-Ag alloy added to with germanium and 
copper. 

Fig. 6 is a graph showing the Bi proportion, zero-crossing 
time Tb and the wetting power F2 of a solder material 
comprised of a Sn-Bi-Ag alloy added to with germanium and 
copper. 

Fig. 7 is a graph showing the Bi proportion and the 
fracture impact energy of a solder material comprised of a Sn- 
Bi-Ag alloy added to with germanium and copper. 

Fig. 8 is a graph showing the Ag proportion, zero-crossing 
time Tb and the wetting power F2 of a solder material 
comprised of a Sn-Bi-Ag alloy added to with germanium and 
copper. 

Fig. 9 is a ternary state diagram of the Sn-Bi-Ag alloy. 

Fig. 10 is a graph showing the Bi proportion, zero- 
crossing time Tb and the wetting power F2 of a solder 
material comprised of a Sn-Bi-Ag alloy added to with 
germanium and copper. 

Fig. 11 is a graph showing wettability of a solder material 
comprised of a Sn-Zn-In alloy added to with germanium and 
silver and the same alloy material devoid of additives. 

Fig. 12 is a graph showing wettability of a solder material 
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comprised of a Sn-Zn-In alloy added to with germanium alone, 
a solder material comprised of a Sn-Zn-In alloy added to 
with silver alone, a solder material comprised of a Sn-Zn-In 
alloy added to with copper alone, a solder material comprised 
of a Sn-Zn-In alloy added to with germanium and copper, a 
solder material comprised of a Sn-Zn-In alloy added to with 
germanium, silver and copper and a solder material comprised 
of a Sn-Zn-In alloy devoid of additives. 
DESCRIPTION OF PREFERRED EMBODIMENTS 

The present invention will now be explained in detail. 

The solder material of the present invention is a lead- 
free solder material containing Sn as a basic element, and is 
(1) a solder material comprised of a Sn-Zn-Bi alloy of tin, 
zinc and bismuth containing germanium and copper as 
additives, (2) a solder material comprised of a Sn-Bi-Ag alloy 
of tin, bismuth and silver containing germanium as an additive 
or a solder material comprised of a Sn-Bi-Ag alloy containing 
germanium and copper as additives, and (3) a solder material 
comprised of a Sn-Zn-In alloy of tin, zinc and indium 
containing germanium and silver as additives and (3) a Sn-Zn- 
In alloy of tin, zinc and indium containing germanium and 
silver as additives. 

In these solder materials, Ge, Cu and Ag, as additives, 
are used for improving wettability of the solder materials. 

However, for improving the wettability of the solder 
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materials for realizing optimum soldering performance, it is 
necessary for the constituent elements of the solder material, 
added to with the additives, to be in an optimum composition. 
This optimum composition is explained for each of the 
respective solder materials. It is noted that the composition 
(wt%) of the solder materials has been measured on the 
melted sample of the solder in accordance with ICP-AES 
analysis (Inductively Coupled Plasma Atomic Emission 
Spectrometer) . 

(1) In the solder material comprised of a Sn-Zn-Bi alloy 

added to with Ge and Cu, the respective constituent elements 

should be contained in the following proportions: 

Zn: 0.5 to 10 wt% 

Bi: 0.5 to 8 wt% 

Ge: 0.005 to 0.05 wt% 

Cu: 0.3 to 3 wt% 

Sn: balance. 

Of these, Zn and Bi operate for lowering the melting 
temperature of the solder material. If the proportions of Zn 
and Bi are lower than the above ranges, the melting 
temperature of the solder material becomes higher than that 
of the tin-lead solder, such that the current soldering process 
cannot be used. If the proportions of Zn and Bi exceed the 
above ranges, the solder material becomes brittle, thus 
possibly causing line breakages. If the proportions of Zn and 
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Bi are increased, fluidity tends to be lower. More preferably, 
the proportion of Zn is 0.5 to 5 wt%, while that of Bi is 0.5 
to 3 wt%. 

Ge and Cu are added for improving the wettability of the 
solder material. If the proportions of Ge and Cu are outside 
the above range, the wettability are lowered, such that an 
optimum soldering performance cannot be achieved. In 
particular, Cu operates to assist capturing Ge into the 
soldering alloy, such that, in the absence of the co-existing 
Cu, it is difficult to get a sufficient amount of Ge contained 
in the solder. Therefore, Cu needs be added for demonstrating 
the effect of Cu. 

However, if the proportion of Cu exceeds the above 
range, a Cu-Sn intermetallic compound is formed, asa result 
of which cracks are produced. If the content of Cu is 
excessive, the solder is increased in the melting temperature 
as compared to the tin-lead solder, thus giving rise to 
inconveniences that the heating temperature for connection 
needs to be set to a higher temperature. 

(2) In the solder material comprised of a Sn-Bi-Ag alloy 
added to with Ge and Cu, the respective constituent elements 
should be contained in the following proportions: 
Bi: 0.5 to 8 wt% 
Ag: 0.5 to 3 wt% 
Ge: 0.01 to 0.1 wt% 
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Sn: balance. 

Of these, Bi operates for lowering the melting 
temperature of the solder material. If the proportion of Bi is 
lower than the above range, the melting temperature of the 
solder material becomes higher than that of the tin-lead 
solder, thus giving rise to an inconvenience that the heating 
temperature used for connection needs to be set to a higher 
temperature. If the proportion of Bi is smaller than 0.5 wt%, 
the wettability of the solder material is also impaired. If the 
proportion of Bi exceeds the above range, the solder material 
becomes brittle, thus possibly causing line breakages. 

Ag is used for controlling the wettability of the solder 
material. If the proportion of Ag is within the above range, 
the contact angle 0 in the wetting test is decreased, thus 
assuring optimum wettability. If the proportion of Ag is 
outside the above range, the wettability is impaired. If the 
amount of Ag is excessive, the melting temperature of the 
solder material is prohibitively increased, while needle-like 
crystals are precipitated to deteriorate mechanical properties 
of the solder. 

Ge is added for improving the wettability of the solder 
material. If the proportion of Ge is outside the above range, 
the wettability is deteriorated, such that optimum soldering 
properties cannot be achieved. Ge also operates for 
suppressing generation of an oxide termed dross. 
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In this Sn-Bi-Ag alloy, Cu can also be added along with 
Ge in the proportion of 0.3 to 1 wt%. 

Cu operates not only for improving the wettability of the 
solder material but also for assisting in capturing Ge into the 
solder material. It is therefore meritorious to add Cu for 
controlling the proportion of Ge. If the proportion of Cu 
exceeds the above range, a Cu-Sn intermetallic compound is 
formed to generate cracks. If the amount of Cu is excessive, 
the melting temperature is higher than that of the tin-lead 
solder to raise the melting temperature or to impair the 
wettability. 

(3) In the solder material comprised of a Sn-Zn-In alloy 
added to with germanium and silver, the respective constituent 
elements should be contained in the following proportions: 
Zn: 3 to 15 wt% 
In: 3 to 10 wt% 
Ge: 0.01 to 0.3 wt% 
Ag: 0.3 to 3 wt% 
Sn: balance. 

Of these, Zn operates for lowering the melting 
temperature of the solder material. If the proportion of Zn is 
lower than the above range, the solder is higher in melting 
temperature than the tin-lead solder thus giving rise to an 
inconvenience that the heating temperature for connection 
undesirably needs to be set to a higher temperature. 
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The more desirable proportion of Zn is 6 to 10 wt%. 

In operates not only for improving the wettability but 
also lowers the melting temperature of the solder material. 
If the proportion of In is lower than the above range, the 
wettability is impaired, while the melting temperature is 
excessive to render it impossible to realize optimum 
wettability. If the proportion of In is larger than the above 
range, the mechanical strength tends to be lowered. 

Both Ge and Ag operate for improving the wettability of 
the solder material. If the proportions of Ge and Ag are 
lower than the above range, sufficient wettability cannot be 
achieved, while optimum soldering properties cannot be 
realized. If the proportion of Ag is larger than the above 
range, the wettability is impaired, while the melting 
temperature of the solder material is prohibitively increased. 
It is noted that the upper limit of the proportion of Ge 
corresponds to the maximum amount of Ge that can be melted 
into the alloy and is thereby determined spontaneously. 

The above is the definition of the composition of the 
solder material according to the present invention. The 
expression "Sn being the balance" means that the balance is 
mainly composed of Sn without excluding inevitably contained 
impurities. 

For obtaining the above-mentioned solder material, 
particles or ingots of tin as base metal and particles or ingots 
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of other elements are charged into a crucible and melted so 
as to be then cooled to solidify to an alloy. 

As for the charging amounts of the respective elements, 
since the mixing ratios of Sn, Zn, Bi, Ag and In are 
substantially reflected in the proportions of the alloy, it 
suffices to use the amounts corresponding to the desired 
proportions of the alloy as the charging amounts. 

As for Cu and Ge, if these elements are used as ingots, 
part of the charged amount is not alloyed, but is left in the 
crucible as sole elements. In the case of Cu, for example, the 
amount thereof taken into the alloy is on the order of 70% of 
the charging amount. The amount of Ge taken into the alloy 
is smaller and is on the order of 1% and 10% with the Sn-Zn- 
Bi alloy and with the Sn-Bi-Ag or Sn-Zn-In alloy, 
respectively. Therefore, with Cu and Ge, this loss needs to be 
taken into account when setting the charging amount. 
Meanwhile, the penetration of Ge into the alloy is accelerated 
by Cu, such that, if Ge and Cu are used in conjunction, the 
amount of penetration of Ge into the alloy is on the order of 
several times that in case of addition only of Ge. 
Examples 

The present invention will be explained with reference 
to specified Examples based on the experimental results. 

In Examples 1-1 to Comparative Examples 1-5, in 
Examples 2-1 to Comparative Examples 2-2 and in Examples 
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3-1 to Comparative Examples 3-6, investigations were made 
of addition elements to the Sn-Zn-Bi alloy, Sn-Bi-Ag alloy 
and to the Sn-Zn-In alloy, respectively. 
Example 1-1 

Particulate ingots of tin, zinc, bismuth, germanium and 
copper were weighed out in charging amounts shown in table 
1 and charged in a mixture into a magnetic crucible having a 
capacity of 5 cc. The particulate ingots were all of a purity 
of 99.99% or higher. These ingots were melted at a 
temperature approximately 400°C and kept in the melted state 
for two to three hours and allowed to cool to solder ingots 
(Sn-Zn-Bi solder samples added to with Ge and Cu). Table 2 
shows the composition of the solder sample as measured by 
ICP-AES analysis. 
Comparative Exa mple 1-1 

Particulate ingots of tin, zinc and bismuth were charged 
into a crucible in charging amounts shown in Table 1 and 
melted and cooled in the same way as in Example 1-1 to 
prepare solder ingots (Sn-Zn-Bi solder sample devoid of 
additions). Table 2 shows the composition of the solder 
sample by ICP-AES analysis. 
Comparative Example 1-2 

Particulate ingots of tin, zinc, bismuth and germanium 
were charged into a crucible in charging amounts shown in 
Table 1 and melted and cooled in the same way as in Example 
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1-1 to prepare solder ingots (Sn-Zn-Bi solder sample added to 
with Ge). Table 2 shows the composition of the solder sample 
by ICP-AES analysis. 
Comparative Example 1-3 

Particulate ingots of tin, zinc, bismuth and silver were 
charged into a crucible in charging amounts shown in Table 
1 and melted and cooled in the same way as in Example 1-1 
to prepare solder ingots (Sn-Zn-Bi solder sample added to 
with Ag). Table 2 shows the composition of the solder sample 
by ICP-AES analysis. 
Compara tive Example 1-4 

Particulate ingots of tin, zinc, bismuth, germanium and 
silver were charged into a crucible in charging amounts shown 
in Table 1 and melted and cooled in the same way as in 
Example 1-1 to prepare solder ingots (Sn-Zn-Bi solder sample 
added to with Ge and Ag). Table 2 shows the composition of 
the solder sample as measured by ICP-AES analysis. 
Compara tive Example 1-5 

Particulate ingots of tin, zinc, bismuth, germanium, 
silver and copper were charged into a crucible in charging 
amounts shown in Table 1 and melted and cooled in the same 
way as in Example 1-1 to prepare solder ingots (Sn-Zn-Bi 
solder sample added to with Ge, Cu and Ag). Table 2 shows 
the composition of the solder sample by ICP-AES analysis. 
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TABLE 1 





Sn 
(wt%) 


Zn 
(wt%) 


Bi 
(wt%) 


Ge 
(wt%) 


Ag 
(wt%) 


Cu 
(wt%) 


Ex. 1-1 


88.3 


8.7 


2.0 


0.5 


0.0 


0.5 


Comp. 
Ex. 1-1 


89.8 


8.7 • 


2.0 


•0.0 


0.0 


0 . 0 


Comp. 
Ex. 1-2 


8 8.8 


8 . 7 


2 . 0 


0 . 5 


0 . 0 


0 . 0 


Comp. 
Ex. 1-3 


88.8 


8.7 


2.0 


0.0 


0.5 


0.0 


Comp . 
Ex. 1-4 


88.3 


8.7 


2.0 


0.5 


0.5 


0.0 


Comp. 
Ex. 1-5 


87.8 


8.7 


2.0 


0.5 


0.5 


0.5 
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TABLE 2 





Sn 
(wt%) 


Zn 
(wt%) 


Bi 
(wt% 
) 


Ge 
(wt%) 


Ag 
(wt%) 


Cu 
(wt%) 


Ex . 1-1 


balance 


Q *? 

y . z 


2 0 


0 03 


o 


0 3 7 


Comp. 
Ex. 1-1 


balance 


9.0 


2.0 


0 


0 


0 


Comp . 
Ex. 1-2 


balance 


9.3 


1.9 


0.006 


0 


0 


Comp. 
Ex. 1-3 


balance 


9.2 


2.0 


0 


0.5 


0 


Comp. 
Ex. 1-4 


balance 


9.6 


2.0 


0.08 


0.6 


0 


Comp. 
Ex. 1-5 


balance 


9.3 


2.0 


0.03 


0.5 


0.36 



Of the solder samples, wettability was evaluated using 
the wetting balance method. 

The wetting balance method is a method consisting in 
evaluating the wettability of the solder by dipping a parent 
metal (mating connecting material) in a solder solution and 
observing time changes (transient phenomenon) of the wetting 
power F. 

The wetting force F is found by the following equation: 
F = Y'L*cos0 - g-p-V 
where 

F= wetting power 
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Y = surface tension 

L = circumferential length the parent metal occupies in 
the melted solder solution 

0 = contact angle between the parent metal and the 
melted solder solution 

p = density of the melted solder solution 

V = volume occupied by the parent metal in the melted 
solder solution 

g = acceleration of the force of gravity 

By dipping the parent metal in the melted solder solution 
at a pre-set velocity and observing time changes of the 
wetting power F since the time of coming into contact of the 
parent metal with the melted solution, a curve shown in Fig.l 
is obtained. 

The solder wettability can be evaluated from this curve. 
Specifically, the time Tb since coming into contact of the 
parent metal with the melted solution until the wetting power 
becomes positive (zero-crossing time), uprising of the wetting 
power after it has become positive and the value of the 
wetting power F2 after the solder has been wet and the 
wetting power has acquired a steady-state value stand for the 
indices for the wettability, such that, the shorter the zero- 
crossing time Tb, the steeper the uprising of the wetting 
power and the larger the wetting power F2 after becoming 
steady, the faster is the rate of spreading of the solder and 
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hence the more satisfactory is the wettability. 

These time changes of the wetting power were observed 
with the solder samples fabricated in the Example 1-1 and the 
Comparative Examples 1-1 to 1-5. The results are shown in 
Figs. 2 and 3. Meanwhile, Fig. 2 shows wetting characteristics 
of the Example 1-1 and Comparative Example 1-1 and Fig. 3 
shows those of the Comparative Examples 1-1 to 1-5. The 
measurement conditions were as follows: 

parent metal (mating connecting material): copper wire 
with an outer diameter of 0.6 mm (the copper wire is surface- 
treated with a pure rosin based flux); 

surface temperature of the melted solder solution: 
approximately 240° (238 ±3-C); 

feed rate of copper wire to a solder vessel: 10 mm/sec 

dipping depth of the copper wire in the solder vessel: 10 

sec 

It is seen from Fig. 2 that the solder sample added to 
with Ge and Cu is short in the zero-crossing time Tb and is 
moreover steep in the uprising of the wetting power, thus 
exhibiting comprehensively superior wettability, although it 
is slightly inferior in the wetting power F2 to the solder 
samples not added to with Ge and Cu. 

It is seen from this that addition of Ge and Cu to the Sn- 
Zn-Bi based solder sample is effective in improving the 
wettability. 
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Fig. 3 shows wetting characteristics of a solder sample 
containing no additives, a solder sample containing only Ge, 
a solder sample containing only Ag, a solder sample 
containing Ag and Ge and a solder sample containing Ag, Ge 
and Cu. 

Of these, the solder sample containing only Ag and the 
solder sample containing Ag, Ge and Cu are significantly 
inferior in wettability. The solder sample containing Ag and 
Ge is comparable with the solder sample containing no 
additive in the zero-crossing time Tb and the uprising of the 
wetting power and is lower in the wetting power F2 to the 
solder material not containing additives. The solder sample 
containing only Ge is inferior to the solder sample not 
containing additives in any of the zero-crossing time Tb, 
uprising of the wetting power and the wetting power F2. 

Thus, addition of Ge and Cu to the Sn-Zn-Bi based 
solder sample impairs the wettability of the solder, signifying 
that the wettability improving effect is proper to the addition 
of two elements Ge and Cu. 

Tables 1 and 2 show the charging ratios of the 
respective elements and the composition after alloying for the 
Example 1-1 and the Comparative Examples 1-1 to 1-5. In 
the case of Ge, it differs significantly between the charging 
ratio and the composition after alloying, meaning that Ge can 
only difficultly be taken into the alloy. If the Comparative 
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Example 1-2 added to only with Ge and the Example 1-1 
added to with two elements of Ge and Cu, the Ge proportion 
after alloying is higher in Example 1-1 although the charging 
ratio of Ge is the same. This indicates that Cu operates for 
assisting in taking Ge into the alloy. 
Example 2-1 

Particulate ingots of tin, bismuth, silver and germanium 
were charged into a crucible in charging amounts shown in 
Table 3 and melted and cooled in the same way as in Example 
1-1 to prepare solder ingots (Sn-Bi-Ag solder sample added to 
with Ge). Table 4 shows the composition of the solder sample 
by ICP-AES analysis. 
Example 2-2 

Particulate ingots of tin, bismuth, silver and germanium 
were charged into a crucible in charging amounts shown in 
Table 3 and melted and cooled in the same way as in Example 
1-1 to prepare solder ingots (Sn-Bi-Ag solder sample added to 
with Ge and Cu). Table 4 shows the composition of the solder 
sample by ICP-AES analysis. 
Comparative Example 2-1 

Particulate ingots of tin, bismuth and silver were charged 
into a crucible in charging amounts shown in Table 3 and 
melted and cooled in the same way as in Example 1-1 to 
prepare solder ingots (Sn-Bi-Ag solder sample containing no 
additives). Table 4 shows the composition of the solder 
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sample by ICP-AES analysis. 
Comparative Example 2-2 

Particulate ingots of tin, bismuth, silver and copper were 
charged into a crucible in charging amounts shown in Table 
3 and melted and cooled in the same way as in Example 1-1 
to prepare solder ingots (Sn-Bi-Ag solder sample added to 
with Cu). Table 4 shows the composition of the solder sample 
by ICP-AES analysis. 

TABLE 3 





Sn 
(wt%) 


Bi(wt%) 


Ag 
(wt%) 


Ge 
(wt%) 


Cu 
(wt%) 


Ex. 2-1 


93.5 


4.0 


2.0 


0.5 


0.0 


Ex. 2-2 


93.0 


4.0 


2.0 


0.5 


0.5 


Comp . 
Ex. 2-1 


94.0 


4.0 


2.0 


0.0 


0.0 


Comp. 
Ex. 2-2 


93.5 


4.0 


2.0 


0.0 


0.5 
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TABLE 4 





Sn 
(wt%) 


Bi(wt%) 


Ag 
(wt%) 


Ge 
(wt%) 


Cu 
(wt%) 


Ex. 2-1 


balance 


4.1 


2.1 


0.04 


0 


Ex 2-2 


b a 1 an c c 


A 1 


2 . 0 


0.07 


0.51 


Comp. 
Ex. 2-1 


balance 


4.0 


2.0 


0 


0 


Comp. 
Ex. 2-2 


balance 


4.0 


2.0 


0 


0.5 



For the solder samples, fabricated as described above, 
evaluation was made of wettability by the wetting balance 
method as described above. The results are shown in Fig. 4. 

It is seen from Fig. 4 that the solder sample comprised of 
the Sn-Bi-Ag alloy added to with Ge and the solder sample 
comprised of the Sn-Bi-Ag alloy added to with Ge and Cu are 
shorter in the zero-crossing time Tb, uprising of the wetting 
power and larger in the wetting power F2 than the solder 
sample not containing Ge or Cu. In particular, the solder 
sample containing both Ge and Cu are larger in the wetting 
power F2. 

Fig. 4 also shows wetting characteristics of the solder 
sample containing only Cu. It is noted that, although the 
solder sample containing only Cu is slightly steeper in the 
uprising of the wetting power than the solder sample not 
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containing Cu, it is inferior to the solder sample containing 
Ge or the solder sample containing both Ge and Cu. 

It is seen from this that addition of Ge only or both Ge 
and Cu to the Sn-Bi-Ag based solder sample is effective in 
improving wettability. 

As another experiment, the state of generation of oxides 
termed dross was checked by a flow employing a dipping 
vessel (temperature, 260°C; dipping time, one hour). It has 
now been seen that, with the solder sample containing Ge, the 
amount of the generated dross is suppressed to 40 to 50% of 
that of the solder sample not containing Ge, so that addition 
of Ge is effective to prevent dross from being produced. 

Tables 3 and 4 show the charging ratios of the respective 
elements and the composition after alloying for the Examples 
2-1 and 2-2 and the Comparative Examples 2-1 and 2-2. As 
for Ge, the proportion of Ge after alloying is lower than the 
Ge charging ratio, as in the case of the Sn-Zn-Bi based solder 
sample. Also, comparison of the Example 2-1 in which Ge is 
added by itself to the Example 2-2 in which two elements Ge 
and Cu are added reveals that the Example 2-2 is higher in 
the Ge proportion after alloying, although the two Examples 
are the same as to the Ge charging ratio at the time of 
charging. It is seen from this that Cu operates for assisting 
in taking Ge into the alloy even with the Sn-Bi-Ag based 
alloy. 
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Investigations into Composition of Sn-Bi-Ag Alloy Containing 
Ge and Cu 

Then, an optimum range of the composition was checked 
of the Sn-Bi-Ag alloy added to with Ge and Cu, for which the 
optimum wettability was acquired among Sn-Bi-Ag alloys. 

A tin ingot, containing a few percent of geranium, a 
bismuth ingot, a germanium ingot and a copper ingot were 
charged in various charging amounts to a crucible and melted 
and allowed to coll as in Example 1-1 to prepare an ingot. 
Several samples produced were of the basic composition of 
Bi: 4 wt%, Ag: 2 wt%, Ge: 0.1 wt% and Cu: 0.5 wt%, each 
sample being varied from the basic composition by varying 
one of the elements. The tin ingot containing germanium is 
used as the starting material for the solder in order to 
suppress the error in the amount of Ge taken into the solder 
alloy. 

For these solder samples, thus prepared, the wettability 
was checked by the wetting balance method as described 
above, while the fracture impact energy was also checked. 

The fracture impact energy is the potential energy E at 
the height level when the soldered base material is allowed to 
descend from various height levels is fractured [E = mgh, 
where m is the weight mass of the solder, g is the 
acceleration of the force of gravity and h is the height of 
descent] . 
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Fig. 5 shows the relation between the Ce proportion, zero- 
crossing time Tb and the wetting power F2. 

It is seen from Fig. 5 that wettability of the solder 
sample, in particular the zero-crossing time Tb, is varied 
depending on the Ge composition such that the zero-crossing 
time Tb is minimum for the Ge proportion of 0.05 wt%, with 
the zero-crossing time Tb being of a shorter value for the Ge 
proportion of 0.01 to 0.2 wt%. From this it is seen that the 
Ge proportion is preferably 0.01 to 0.1 wt%. 

Figs. 6 and 7 show the relation between the Bi proportion 
and the zero-crossing time Tb and the relation between the Bi 
proportion and the fracture impact energy, respectively. 

As may be seen from Fig. 6, although the wetting power 
F2 is not varied significantly if the Bi proportion is 
increased, the zero-crossing time Tb is varied significantly 
depending on the Bi proportion, and is of a shorter value with 
the Bi proportion not higher than 0.5 wt%. 

On the other hand, the fracture impact energy becomes 
shorter with an increased Bi proportion, as shown in Fig. 7. 
It is noted that the fracture impact energy of the tin-lead 
solder is 137 mJ, with the fracture impact energy higher than 
this being obtained for the Bi proportion not larger than 8 
wt%. 

That is, for realizing optimum wettability while securing 
mechanical strength which compares favorably with the tin- 
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lead solder, it is necessary to set the Bi proportion to 0.5 to 
8 wt%. 

Fig. 8 shows the relation between the Ag proportion and 
the wetting power F2. 

Referring to Fig. 8, the zero-crossing time Tb becomes 
acutely shorter for the Ag proportion of 0.5 wt%, while the 
wetting power F2 becomes acutely larger for the Ag 
proportion of 0.5 wt%. Thus, for realising satisfactory 
wettability, the Ag proportion needs to be 0.5 wt% or higher. 

Fig. 9 shows a ternary state diagram of the Sn-Bi-Ag 
ternary system. In this figure, the left side and the right side 
of the triangle denote the Ag and Bi proportions, respectively. 
The thick line emerging in the rightward downward direction 
from a point corresponding to the Ag proportion of 3.5 wt% 
and the Bi proportion of 0 wt% is the Sn-Ag binary eutectic 
line. If the Ag proportion becomes larger than this line, 
coarse Ag 3 Sn needle-like crystals are precipitated. As noted 
previously, the optimum upper limit of the Bi proportion is 8 
wt%, with the Ag proportion at a point of intersection of this 
proportion and the Sn-Ag binary eutectic line being 3 wt%. 
That is, if the Bi proportion is 0.5 to 8 wt%, Ag 3 Sn is 
precipitated with the Ag proportion exceeding 3 wt% such that 
Ag 3 Sn further grows in size to precipitate needle-like crystals, 
thus impairing mechanical strength of the solder. 

Therefore, in order that satisfactory wettability will be 
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realized while precipitation of the needle-like crystals is 
suppressed, it is necessary po set the proportion of Ag to 0.5 
to 3 wt%. 

Fig. 10 shows the relation between the Cu proportion, 
zero-crossing time Tb and the wetting power F2. 

Referring to Fig. 10, the zero-crossing time Tb is varied 
significantly with the Cu proportion, such that the zero- 
crossing time Tb becomes significantly shorter for the Cu 
weight ratio of 0.3 wt%. However, if the Cu proportion is 
larger than 1 wt%, needle-like crystals are precipitated to 
impair the mechanical properties of the solder. 

Therefore, the Cu proportion is desirably 0.3 to 1 wt%. 

The above experimentation indicates that, with the Sn-Bi- 
Ag based alloy containing Ge and Cu, the optimum 
composition is such a composition comprised of 0.5 to 8 wt% 
of Bi, 0.5 to 3 wt% of Ag, 0.01 to 0.1 wt% of Ge, 0.3 to 1 
wt% of Cu, with the balance being Sn. 
Example 3-1 

Particulate ingots of tin, zinc, indium, germanium and 
silver were charged into a crucible in charging amounts 
specified in Table 5 and melted and cooled as in Example 1-1 
to prepare a solder ingot (Sn-Zn-In ingot added to with Ge 
and Ag). The composition of the solder sample by the ICP- 
AES analysis is shown in Table 6. 
Comparative Example 3-1 
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Particulate ingots of tin, zinc and indium were charged 
into a crucible in charging amounts specified in Table 5 and 
melted and cooled as in Example 1-1 to prepare a solder ingot 
(Sn-Zn-In ingot containing no additives). The composition of 
the solder sample by the ICP-AES analysis is shown in Table 
6. 

Comparative Example 3-2 

Particulate ingots of tin, zinc, indium and germanium 
were charged into a crucible in charging amounts specified in 
Table 5 and melted and cooled as in Example 1-1 to prepare 
a solder ingot (Sn-Zn-In ingot containing germanium). The 
composition of the solder sample by the ICP-AES analysis is 
shown in Table 6. 
Comparative Example 3-3 

Particulate ingots of tin, zinc, indium and silver were 
charged into a crucible in charging amounts specified in Table 
5 and melted and cooled as in Example 1-1 to prepare a 
solder ingot (Sn-Zn-In ingot containing silver). The 
composition of the solder sample by the ICP-AES analysis is 
shown in Table 6. 
Comparative Example 3-4 

Particulate ingots of tin, zinc, indium and copper were 
charged into a crucible in charging amounts specified in Table 
5 and melted and cooled as in Example 1-1 to prepare a 
solder ingot (Sn-Zn-In ingot containing copper). The 
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composition of the solder sample by the ICP-AES analysis is 
shown in Table 6. 
Comparative Exa mple 3-5 

Particulate ingots of tin, zinc, indium, germanium and 
copper were charged into a crucible in charging amounts 
specified in Table 5 and melted and cooled as in Example 1-1 
to prepare a solder ingot (Sn-Zn-In ingot containing 
germanium and copper). The composition of the solder 
sample by the ICP-AES analysis is shown in Table 6. 
Comparative Exa mple 3-6 

Particulate ingots of tin, zinc, indium, germanium, silver 
and copper were charged into a crucible in charging amounts 
specified in Table 5 and melted and cooled as in Example 1-1 
to prepare a solder ingot (Sn-Zn-In ingot containing 
germanium, silver and copper). The composition of the solder 
sample by the ICP-AES analysis is shown in Table 6. 
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TABLE 5 





Sn 

(wt%) 


Zn 

(wt%) 


In 

(wt%) 


Ag 

(wt%) 


Ge 

(wt%) 


Cu 

(wt%) 


Ex. 3-1 


86.0 


8.0 


5.0 


0.5 


0.5 


0.0 


Comp. 
Ex. 3-1 


87.0 


8.0 


5.0 


0.0 


0.0 


0.0 


Comp. 
Ex. 3-2 


86.5 


8.0 


5.0 


0.0 


0.5 


0.0 


Comp. 
Ex. 3-3 


86.5 


8.0 


5.0 


9.5 


0.0 


0.0 


Comp . 
Ex. 3-4 


86.5 


8.0 


5.0 


0.0 


0.0 


0.5 


Comp. 
Ex. 3-5 


86.0 


8.0 


5.0 


0.0 


0.5 


0.5 


Comp. 
Ex. 3-6 


85.5 


8.0 


5.0 


0.5 


0.5 


0.5 
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TABLE 6 





Sn 
(wt%) 


Zn 
(wt%) 


In 

(wt%) 


Ag 
(wt%) 


Ge 
(t%) 


Cu 
(wt%) 


Ex.3- 1 


b al anc e 


8.5 


5 . 3 


0 . 5 


0.03 


o 


Comp. 
Ex. 3-1 


balance 


8.1 


5.0 


0 


0 


0 


Comp . 
Ex. 3-2 


balance 


8.6 


5.1 


0 


0.05 


0 


Comp. 
Ex. 3 -3 


balance 


8.2 


5.2 


0.5 


0 


0 


Comp . 
Ex. 3-4 


balance 


8.2 


5.0 


0 


0 


0.4 


Comp. 
Ex. 3-5 


balance 


8.9 


5.1 


0 


0.19 


0.35 


Comp . 
Ex. 3-6 


balance 


7.8 


5.1 


0.5 


0.04 


0.44 



Of the samples fabricated as described above, wettability 
was evaluated by the wetting balance method, as explained 
previously. The results are shown in Figs. 11 and 12. 

As seen from Fig. 11, a solder sample comprised of a Sn- 
Zn-In alloy added to with Ag and Ge is shorter in zero- 
crossing time Tb, steeper in uprising of the wetting power and 
larger in the magnitude of the wetting power F2 than the 
solder sample not containing Ag-Ge. 

It is seen from this that addition of Ag and Ge to the 
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solder sample containing no additive is effective in improving 
wettabililty. 

Fig. 12 shows wetting characteristics of a Sn-Zn-In based 
solder sample containing only Ge, a Sn-Zn-In based solder 
sample containing only Ag, a Sn-Zn-In based solder sample 
containing only Cu, a Sn-Zn-In based solder sample 
containing Ge and Cu and a Sn-Zn-In based solder sample 
containing Ag, Ge and Cu, in addition to the solder sample 
containing no additive. 

Of these, the solder sample containing only Ag has 
characteristics not differing from those of the solder sample 
containing no additive. The solder sample containing only Ge 
and the solder sample containing Ge and Cu are longer in 
zero-crossing time and more moderate in the uprising of the 
wetting power and smaller in the magnitude of the wetting 
power F2 than the solder sample containing no additive. On 
the other hand, the solder sample containing only Cu and the 
solder sample containing Cu in addition to Ge and Ag are 
longer in zero-crossing time, more moderate in the uprising 
of the wetting power and smaller in the magnitude of the 
wetting power F2. 

Thus it is seen that wettability of the Sn-Zn-In based 
solder sample is impaired with addition of Ge or Ag or 
addition of other elements such that the wettability improving 
effect is proper to addition of two elements of Ag and Ge. 
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